In recent years several techniques have been developed for the purpose of disintegrating bacterial cells. These have depended upon different principles ranging from autolytic rupture of the cell to grinding with powdered glas (Lipmann, 1938; Koepsell and Johnson, 1942; Wiggert et al., 1940; Kalnitsky et al., 1945; Booth and Green, 1938) . Although each method has merit for some specific problem, it frequently proves inadequate for other applications.
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Of the several methods employed in this laboratory, that of disintegrating bacterial cells by exposure to an ultrasonic field2 has proved of most value when limited quantities of bacteria were available and when the possibility of preparing cell-free enzyme extracts had to be explored. Further, since irradiation of bacteria by ultrasound can be carried out under completely aseptic conditions, it becomes possible to analyze pathogenic bacteria with respect to their endotoxins, enzymes, polysaccharides, and other substances which can be extracted from cells only alter disintegration. The method, however, has two drawbacks: (1) the construction of the apparatus is expensive, and (2) not all bacteria can be disintegrated by ultrasound.
APARATUS
As a detailed account of the ultrasonic equipment employed in this laboratory has been published elsewhere (Smith and Stumpf, 1946) , only a brief description is given here. An X-cut quartz crystal (1j inches in diameter and ground to a frequency of 600 kilocycles) is driven by a radio-frequency generator, operating at 2,000 volts with a rated output of 700 watts. The generator has a frequency range from 200 to 1,000 kilocycles and employs beam power tetrodes to eliminate neutralization. It has the usual crystal controlled exciter as well as a variable frequency exciter, which is stabilized and calibrated, and which facilitates exploring a wide range of radio frequencies. Figure 1 (Hodgman, 1937) . It was found that a silver-plated surface is superior to one of aluminum or silver foil cemented or spattered onto the quartz. To increase the voltage breakdown path, the upper and lower plating is not carried out to the extreme edge of the crystal. Lucite is used exclusively in the mounting and in the oil chamber since, as insulation against high voltage, it is superior to eitherneoprene or bakelite. The crystal holder is completely immersed in transformer oil,4 which serves at once as insulation medium, conducting medium for ultrasound, and circulating fluid for the cooling system. The oil is circulated continuously by a centrifugal pump from the ultrasound apparatus through a copper coil surrounded by an icewater mixture. Much heat is formed during operation, and efficient cooling is necessary to prevent the temperature from rising above 30 C in the bacterial suspension.
When the crystal holder is immersed in the oil bath, the lower brass ring electrode automatically forms an air pocket, which almost completely reflects the sound waves at the lower side of the quartz plate. The reflected waves come automatically into the right phase with those radiated upwards and consequently increase their energy (Bergmann and Hatfield, 1938) . Hence the total damping of the crystal becomes less, owing to the decrease in the radiation decrement.
The bacteria to be disintegrated were made up in a thin suspension containing about 20 mg dry weight per ml and were placed in a 50-ml Erlenmeyer flask, which was then lowered by a rack and pinion device into the oil chamber to a critical distance from the upper face of the quartz crystal. The optimum distance is reached when the cone of fluid in the flask is at maximum height during ultrasonic irradiation. A 10-minute exposure usually ensures satisfactory disintegration. The (Stumpf, 1945) . Whereas the whole cell rapidly oxidizes pyruvic acid without addition of any factors, the supernatant juice from disintegrated cells is completely inert unless cocarboxylase is added (as indicated in figure 2 ). From this fact it follows that the number of intact cells is too low to account for any appreciable fraction of the observed enzyme activity. As a precaution aganst gross bacterial contamination, however, the extracted juice is centrifuged daily in the high-speed attachment before its use and is always kept chilled at about 4 C. In some cases it may be lyophilized and stored at 0 C. which come immediately to mind-namely, time of exposure and shape of container-can be treated briefly. As indicated in table 1, after 10 minutes' ultrasonic irradiation, the maximum degree of disintegration is reached. The suspension probably contains forms of the bacterial cell which are resistant to the disruptive forces, and hence complete disintegration is not possible. As for the second factor, it has been our experience that vessels such as test tubes or roundbottom flasks, because of their convex bases, reflect and thereby dissipate a large percentage of the ultrasonic radiation. An ideal container should therefore have a perfectly flat, thin glass base which would permit a maximum passage of disruptive energy. Routinely, we employ small Erlenmeyer flasks or volumetric flasks which have relatively thin bases.
As shown in table 2, the thickness of the suspension, or viscosity, is a factor of considerable importance. A thick paste of bacteria suffers little or no disinte-ULTRASONIC DISINEGRATION gration of cells. When the suspension is diluted, however, disintegration by ultrasound takes place. Evidently, when a suspension exceeds a certain viscosity, ultrasonic radiation which strikes such a suspension is largely converted to heat, which has no disruptive effect. When the distance between the upper face of the crystal and the base of the container is such that the suspension is mildly agitated by ultrasonic energy, the degree of disintegration is about half that which is obtained when the distance is critical and the suspension is violently agitated (table 3) . Obviously, when the distance between the upper face of the quartz plate and the base of the container is a multiple of the whole wave length of the ultrasonic vibration, any reflection from the base of the container will cause partial interference. When, however, the distance traveled by the waves is an odd multiple of one-half the wave length, reinforcement of the reflected wave occurs and considerably more ultrasonic energy is carried into the suspension. As shown in table 4, a considerable number of cells readily yield to treatment, but others are completely refractory to ultrasound.
Finally, the relative degree of disintegration of bacteria seems to be independent of the frequency of the ultrasonic wave and dependent only on the intensity or amplitude of the wave. It is unfortunate, however, that, if the power output The method has been employed to prepare cell-free enzyme extracts of bacteria. A number of factors which influence the degree of efficiency of ultrasonic disintegration are discussed.
